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ABSTRACT

Preliminary results from the JPA Instrument on Giotto indicate that Comet Helley, even on
the flanks, has a bov shock vhich moves backwards and forwvards over the spacecraft. To
understand the atructure properly vill require more detailed {nvestigation of the

relat{onships between threae particle populations, cometary {ons, solar wind .lons and
electrons.

INTRODUCTION

One of the most important tasks for the plasms instrumencation on Giotto wvas to determine
vhether & bow sliock existed, as expected /1/ and, if s0,to investigate its scructure.
Results from the International Comet Explorer (ICE) at Comet Gilascobini £Zirner, hava been
equivocal so far /2/ about vhether the structure observed st a distance of )0 km from the
nucleus vas & bov shock or not. Some investigators have preferred to refer to it In a
non-committal wvay as & bov vave /1/.

OBSERVATIONS

The JPA {nsctrument /4&/ on Giotto includes two three-dimensional positive-ion sensors; one of
the sarisors, the Implaented Ion Sensor, uses time of flight to discriminate between different
masses. Jlcts five fudividusl sensors viev at different angles ovar a vide angular range, but
do not provide continuous anguler coverags. In Figure 1 the total count rate, integrated
over ion enargy and angle, {s shown for tvo of the mass greups. The upper curve 1s for
cometary ions in the mass range 1)-25 apu; tha lower curva {a for solar vind protons, mass
range 0.4-1.9% amu. The <dominant featurs in sach curve on the inbound leg is the Increase,
by & factor of 12.5 for comatary lons and 10 for solar vind protons, vhich takes place
betwveen 19 and 20 hrs GRT (Ground Received Time). The increass in the cometary loas occurs
more rapldly than would Le enpected on the baais of photolonisstion scale lengths /%/. 1vo
other processes, one instrunental, the other comatary, probably also contribure. If the
angular diacribution changes, then more of tha flux can move {nto the fields of viev of the
sensors. This process could account for ell the increass, but ve belfeve that there could
also be & real increass in the cometery Lon flux vhich shculd be atiributed to another
lonisation meshanism. The Incresse in the sola: vind bagins st 19:30, as indicated by the
vertical dashed lina, but the inctease in the cometary fons begins approximately ons hour
before at 18:30. The period betwveen 18:30 and 19:30 coincidas with the foreshock raglon

defined by Reme et .al. /8/ which s assoclated in their data wvith an lucresse {n the
slectron tempsrasturs. It remalns to be datermined whather the rchange 1in electron
temperature ia responsible fnr the incraase in ionisation by electrun collisious, or vhether
{t Ls & consaquence of the incresse in cometary icn flux.

Also st 10:30 GRT, simultanecusly with the electron tempersture fLicreass, the amplitude of
vavas in the solar w!nd incresses at shown In figure 2. The fluctuations occur in all the
paramsters plotted, but the most significant changes occur in the speed (domina~ed by the Vx
component). During some of the disturbances the speed decreases by more than 3Vim/s. While
there are changes in temperature corrslated vith the speed changes, there is no increase In
the average temperature of the solar wind distributfion, as wvould be empected from crosaing &
bov shock. In fact initlally the temperature decreases vhen the speed decreases. This may
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Figure 1

The cotal flux, {ntegrated over energy and angle, for tvo macs groups. No allowvance is made
at this stage for fluxes {n the angular sectors betvean the individual analysers {(n the

Implanted Ion Sensor. The upper panel shovs wvater-group cometary fons; the lower panel
shows solar wiad.
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Solar vind proton bulk parameters obtained from ths Fast Ion Bensor. Flow velocity
components are given in Halley Bolar Ecliptic coordinates. At 18:)0 GRT, the apacacrafc
crosses the foreshock and the level of waves in the solar vind increases subtantially.
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Figure 3

The top four panels A,3,C,D show high resolution data from the Implanted Ion Sensor for the
period 19:21:30 to 19:51:30 GRT. REsch feature is a minipanel of energy (verticsl scale) by
spin sngle (horisontal scale) plotted vithin the time {t vas collected. Zach distributlon
{s aessencislly symmetrical sbout the jsolar direccion. The bottom panel E shovs high
resolution solar vind data fros the Fast Ion Sensor. The time scale {» UT aC the time tha
3ignal vas received at the ground.

be related to the unshocklike anticorrelation betvcen elactron dansity and elactron
temparsture found at eomet Glacobint Iinner /7/.

This behaviour continues until 19:31 GRT when there {s & very large decrsase in the 1olar
wind speed. This (s shovu in the bottom panel of the composite plot of figures ) and 4.
These dats vere obtained by the Fast Ion Bensor in the solar vind mode. The sensor has an
snargy avtoranging fecility which ensures that the narrov energy range of the solar vind
node 18 alvays centred on the solar vind dfstribution. If the maximum count rate {n the
spectrum drops belov a presst velus, the sensor begins to cycle through the complete energy
range in case the sensor has “1osc” the distribution. This would occur if the dlastribuclon
ls deflected out of the (field of viev, or 1s broadened as the result of an incresss in
temparature. The range cycling occurs as & result of both effects several times during the
period of figures ) end 4 snd {s seen in the panel as gaps in the spectrogram. Eventually
4t 20:0) GRT the cycling becomes continuous until a command disabling the autoranging and
fixing the sveep In the lowest energy range L{s seen to be acted on at 20:20 GRT.

The top fowr panels A,5.C,D shov data from the Implented Ion Benror for two different polar
angles for each of cwo mase groups. EKach plot 1a effectively divided into minipanels 64
sece long which shov en energy (verticel)/spin phase angle (horisontsl) plot in the tiae
period (n whioh it was ecollected. Panels C end D shov protons of both solar vind and
comatary origin. The two angular bins cover the solar vind direction (psnel D) nearly the
sane 88 the Past Iom Sensor plot and a direccion closer to the spacecraft velecity vector
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Figure 4

The same plot as for figure ) for the perivd 19:31:30 to 20:12:00 GRT.

(panel C) into which the solar wind 1s deflected, as wve shall ses, by the shock vave. The
tvo engles for the comecary fona (masses 13 to 23) ere the direction approzimacely
perpendicular to the magnetic field (psnel B) and, cthe same as the proton plot, the
direction {nto which the solsr wind is deflectel (pansel A), Thase panels shov the behaviour
of three separate particle populationa as the shock {s crossed, The first is the population
of heavy cometary iony. At the deginning of the plot the distribution shovs some shell-like
characteristica, but auddenly, st 19:30 GRT, just ss the solar vind (panel E) begina (s
largea deacrease in aspesd, the distridbution broadens, incresses in flux, and the saximum
energy incresses. This trend continues throughout the plot, but Ls clearly tnitiasted vithin
the duration of one 64 sec alnipanel, equivalent to & dlstance of 4300ims relative to the
comet along the spacecraft trajactory. At this time the gyroradiua of a vater fon of JOkeV
s aepproximately 1),000ks. The aecond populaclon conslats of protons of cometary origin,
visible &9 @ shell-1lihe discribution st the beyinning of panel C. Lire the hasvy lom
desaribed above, this poprtlation bhrosdens In angle and energy vithin the ¢4 sec duraclon of

& Binipanel. Movever, the bruadening ocours ctwo minipanels, or 7 mina, later or 0300wms
further on.

The behavicur of the solar wind 1s more complex. Whilse intcfslly (n panel D of the
Iaplanted Ion Sensor, as the distribution broadens it moves to panal C vhere Lt appesrs at
lover erergles tham the cometary protons. The firet occasion it does so clearly Ls ac 19:40
ORT, coincldent with che obsarvation of a gecond large decrease In soler vind spesd by the



Fast Ion Sensor (panel E) and 10 mins after the broadening of the discribution of heavy
~omatary f{ons. For the following 40 mins, until 20:20 GRT it appears that this transitior
aoves backvards and forwards over the spacecraft. In parcicular, betwveen 19:57 GRT and
20:01 GRT, the spscecraft {is (n a relatively high speed flov (2)0km/s) balow the speed
obsarved at 19:28 (290im/e) but well above the spaed at 20:20 GRT (180km/3), afcter vhich cne
spacecraft remains conctinuously {n a thermal{sed solar wind distribution.

SUMMARY
Batveen 19:30 GRT and 20:20 GRT

(a) the solar wvind flov speed i3 reduced from 290kms to 180km/s:

(b) the direction of flov changes by approximately 15°., {n the sense at vhich ft is

daflected avay from the comet-sunline:

(¢) The tempersture [ncreasaes:

(d) the chanzes occur several ctimes over distances of <the order of a cometary f{on

gyroradius or less in such a way that {t appears :he boundary is moving backwvard and forward
over the spacscraft /7/:

(e¢) The distribution of comactary fons, both protons and vater group lons, becomes broadened
before the solar wind does, wvith the sore masaive ions showing the effect first

The shock {dentiffed ses an increase in slectron denaity by the electron detactor in the RPA
inscrument /67 coincides with the brosdening of the discribucion of cometary ions and the
first major solar wind speed decresse at 19:30 GRT.

The feature observed by Giotto between 19:30 GRT and 20:20 GRT appears to be & bov shock
since irreversible changes in velocity, density, ard temperature occur over discances of the
order uf lon gyroradil slorg the spacecraft track. The structure of the shock 13 complex,
involving three important particle populations wich quite different behaviour, namaly
cometary f{ons, solsr wind ions and aelectrons, in ralationships which raquire more
{nvestigation to underatand.
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